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Objertivea
. The aim of this study was to Investigate the case•
lathms between Dopplerderived trammltral Mow velocity vas&
ablest and pulmonary
capillary
wedge pressure to patients with
severe left ventricular systolic dysfunction .
Background
Abnormal relaxation and increased clamber
ilffoess lave opposing effects
00
the
kit
veatrkula filing pat-
tern . Whew both aboorma ides are preset at the see tie, as
often own In patients with systolic dysfactko, the ability of
Doppler recording to mum dkslolk function and predict left
ventricular fft pressure may be significantly comproodsoll.
Method. Pulmonary eaplary wedge pressure and Doppler
tranrwdtral flew velocity profile were imultaneaiy, recorded in
140 podfafaretlon polknl with ejection fraction m35% .
Results. Correlation between the ratio of mitre peak flow
velocity to early diastole to peak flow velocity la late diastole
Recently, it has been increasingly apparent that left ventric-
ular diastolic dysfunction may contribute to signs and symp-
toms of several cardiovascular disorders (1). The advent of
Doppler echocardiography has provided a rapid, repeatable,
noninvasive method of assessing left ventricular filling in
various cardiac diseases in which diastolic abnormalities
have been observed both with and without systolic dysfunc-
tion (2-to) . Several studies have also related transmittal
Doppler velocity patterns to left ventricular and pulmonary
capillary wedge pressure recordings (6-9,11-18). Because
left t:atricula filling pressure is thought to be a useful
indicator of function and prognosis, a noninvasive method of
estimating J1lling pressure would be of great practical value,
especially in the hemodynamic assessment
of
patients with
systolic dysfunction and congestive heart failure .
Although initial data were contradictory (11,12), more
recent studies have suggested that Doppler-derived transmi-
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(B/A ratio) and pulmonary capillary wedge pressure was weak
(r = 0.68). AMkwgh the speakity of F/A > 2 In predicting
alb aft IRS In po monary capillary wedge pressure was high
(99%), its sensitivity was low (43%)
. Convenely, a very dose
negative correlation was round between astral deceleration time
of early M9kg ad pulmonary capillary wedge presume (r =
-0.91). Seuitirity and spedifdty of s120 mn In deceleration time
In
predicting z2M ram Hg
In
Pulmonary
carigay wedge promise
were 100% ad 99%, respectively.
Conxloaons
.
Dopplerdeatsed adtrat deceleration time dearly
fining
provides
a aleple and accurate m em ofestimWug pnbrm-
aary a ~ wedge pressure that k particularly ardul In
patients with a normal or wamnsed mitral low velocity paves .
(3 Am Cog Cordial l8H 23:1610-7)
tral flow velocity recordings may be a useful tool for pre-
dicting left ventricular filling pressure (6,8,9,14-17) . Two
distinct patterns of diastolic filling associated with different
values of left ventricular filling pressure have been de-
scribed : the pattern ofabnormal relaxation and the so-called
restrictive filling pattern (3,6,7) . Impaired left ventricular
relaxation, characterized by prolonged isovolumic relax-
ation time and deceleration time of early diastole with
dominant atrial and reduced rapid filling velocities, is usually
associated with normal or nearly normal diastolic filing
pressure (6) . In contrast, the restrictive filling pattern is
characterized by short isovolumic relaxation time, reduced
deceleration time and enhanced early filling and decreased
filling during atrial systole. This restrictive pattern, which is
believed to be caused by markedly increased left ventricular
chamber stiffness (or its inverse, decreased compliance), is
consistent with elevated filling pressure and is a common
finding in advanced cardiac disease of various origins (6-
9,17,18) . However, because prolonged relaxation and in-
creased chamber stiffness have opposing effects on the left
ventricular filling pattern (6,8), when both abnormalities are
present at the same time, the balance between filling during
early diastole and atria) contraction may appear to be
normal
; actually it is "pseudonormal" (3,6)
.
Patients with
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systolic dysfunction may also have diastolic abnormalities
involving both relaxation and chamber stiffness that may
significantly compromise the ability of Doppler recordings to
assess diastolic dysfunction and predict left
ntricular
filling pressure (2,3,6,8). In this case, mitral deceleration
time of early filling, which reflects the rate of equilibration of
left atrial and left ventricular pressures, might, as we previ-
ously hypothesised (17), be a more reliable indicator of
pulmonary capillary wedge pressure .
Accordingly, this study was undertaken 1) to gain further
insight into the relation between diastolic filling patterns and
left ventricular filling pressure, with particular regard to
patients with normal or apparently normal early/late filling
ratio, and 2) to determine whether Doppler-derived variables
of transmittal flow would provide a simple "bedside"
method of estimating filling pressure in patients with chronic
ischemic heart disease and left ventricular systolic dysfunc-
tion .
Methods
Study patients, One hundred forty consecutive patients
(7 women, 133 men; mean [±SD] age 56 ± 8 years, range 34
to 74) with previous myocardial infarction (>3 months) and
severe left ventricular systolic dysfunction, as defined by
rest ejection fraction <_35%, were enrolled in this study . All
patients had sinus rhythm ; none had valvular stenosis or
history of arterial hypertension . Eleven patients (8%) were
in New York Heart Association functional class 1 ; 59 pa-
tients (42%) were in class 11, 56 (47%) were in class III
; and
the remaining four patients (3%) were in class IV
. Mean
ejection fraction was 26 ± 7% (range 14% to 35%)
. Mi'd
mitral regurgitation was present in 49 patients (35%) and
moderate mitral regurgitation in 55 (39%) . No patient
showed severe mitral regurgitation.
All patients in functional classes III and IV and 29
patients in class II were receiving digoxin, diuretic agents
and angiotensin-converting enzyme inhibitors, combined in
some instances with other vasodilators (including nitrates
and calcium-channel antagonists) . Sixteen patients in Func-
tional class II were receiving diuretic agents and angiotensin-
converting enzyme inhibitors with or without other vasodi-
lators. The remaining 14 patients in functional class 11 and all
patients in class I were receiving beta-adrenergic blocking
agents and nitrates
. Nine patients were also taking amio-
darone.
All patients gave their informed consent to perform the
protocol, which had been approved by the Science and
Ethics Committee at the Medical Center of Vernon, Italy .
Study protocol . The study consisted of two parts
base-
line Doppler echocardiographic examination and hemody-
namic study with simultaneous Doppler transmittal flow
velocity recording.
Echocardiography .
Complete M-made and twostimensional
echocardiograms and Doppler ultrasound examination were
performed immediately before hemodynamic study, using a
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Hewlett-Packard
imaging system (model 77729-A or 77622-A)
.
Images were stored on a Panasonic videotape recorder
(model AG-7330E) for further analysis . Left ventricular
volume was calculated from orthogonal apical views using
the area-length method . Ejection fraction was derived from
the standard equation .
The assessment of mitral regurgitation was performed by
color Doppler flow mapping using a 2.5-MHz transducer. If
present, mitral regurgitation was graded as mild, moderate
or severe, according to previously reported criteria (19) that
took into account width and depth of regurgitant jets in
relation to the size of the receiving chamber from different
views .
Diastolic flow velocity at the left ventricular inflow tract
was recorded with pulsed-wave Doppler using a 2 .5-MHz
transducer, as previously described (17)
.
In the apical four-
chamber view, the Doppler sample volume was placed in the
middle of the left ventricular inflow tract, -I cm below the
plane of the mitral annulus between the tips of the mitral
leaflets, where maximal flow velocity in early diastole was
recorded .
Simultaneous hernodynartur and Doppler examination.
The study was performed in the catheterization laboratory .
A 7F Swan-Ganz catheter for determining cardiac output by
thermodilution was introduced through a femoral or brachial
vein and positioned under fluoroscopy in a pulmonary ar-
tery . After a to-min rest for stabilization, simultaneous
hemodynamic variables and Doppler transmittal flow veloc-
ity signals were recorded. In particular, pulmonary artery
and pulmonary capillary wedge pressures and Doppler trans-
mittal flow velocity were simultaneously recorded for at
least 3 min on both videotape and paper at the chart speed of
100 mm/s . Mean measurements of five to eight consecutive
cardiac cycles for both Doppler variables and pulmonary
capillary wedge pressure were used to analyze the relation
between left ventricular filling pressure and Doppler dia-
stolic filling pattern
. Doppler traces were analyzed using a
microcomputer-based digitizing system, and the following
variables were measured peak flow velocity in early diastole
and during atrial contraction, peak E/A wave velocity ratio
and the deceleration time of early diastolic flow
. To avoid
the influence of heart rate, deceleration time was calculated
as the time between peak E wave and the upper deceleration
slope extrapolated to the zero baseline (6,17) . Cardiac cycles
with nonlinear deceleration slopes and fusion of early and
late mitral flow velocity were excluded from the analysis
.
Variability in the measurement of various Doppler in-
dexes was evaluated in 50 patients . Interobserver and in-
traobserver variability were 2 .2% and 2 .3%, respectively,
for peak E wave velocity and 1 .9% and 2%, respectively, for
peak A wave velocity . Both interobserver and intraobserver
variability for deceleration time was 2
.6% .
Statistical analysis . Results are expressed as mean values
x I SD . Patients were grouped according to their Doppler
E/A ratio . Statistical analysis between groups was per-
formed by one-way analysis of variance for independent
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'p < 0.01 group I versus group 2. (p < 0 .001
group
I versos )poop
3 .
4p < 0.01 group 2 versus poop 3. Date presented are mean values ± SD or
number
of
patients .
FJA - ratio
of mitrat peak lbw vebcily m early diastole
to peak flow velocity in kte diastok ; EDV = enddiestolic volume ; EF =
ejection fraction; NYHA - New York Hear Association functional c Ws.
samples . When differences between groups were present,
the Sheffd test was used to determine which means differed
significantly . The Knlskal-Wallis test was used for compar-
ison of functional class scores. Baseline characteristics were
compared using the chi-square test . Pearson linear regres-
sion analysis was used to evaluate the correlation between
Doppler and hemodynamic variables. Stepwise regression
analysis (BMDP2R) and stepwise discriminant analysis
(BMDP7M) were also used to evaluate the predictive power
of independent variables . A probability level <0.05
was
considered significant . Sensitivity and specificity were cal-
culated with standard formulas .
Results
Doppler tracings of sufficient quality for analysis were
obtained in all patients . According to the Doppler transmttral
flow velocity profile, as expressed by the E/A ratio, the
study patients were assigned to the following three groups
group 1, with E/A w2, representing a typical "restrictive"
filling pattern (24 patients, 17%) ; group 2, with EIA z1 and
<2, which may signify a normal or pseudonormal pattern (58
patients, 41 .5%) and group 3, with E/A < 1, believed to be an
expression of
impaired relaxation (58 patients, 41 .5%) .
The clinical and echocardiographic data of the groups are
presented in Table 1 . Patients in group I had greater (p <
0
.001)
end-diastolic volume with lower (p < 0 .001) ejection
fraction and higher (p
< 0.001) functional class score than
patients in groups 2 and 3 .
Mild or moderate mitral regurgi-
tation was present in all but one group I patient and in most
patients in the two other groups .
Table 2 shows the hemodynamic and Doppler trumsmitral
flow velocity variables. Mean heart rate was similar in the
three patient groups
. Pulmonary capillary wedge pressure
was higher (p
< O.O01) in group I than in group 2 or 3.
Because the study patients were grouped on the basis of E/A
ratio, peak E was significantly (p < 0
.001) higher and peak A
significantly (p < 0 .001) lower in group I than in group 2 or
3. Finally, patients in group I had a shorter (p < 0.001)
deceleration time
ofearly filling than patients in group 2 or 3 . 'P < 0.001L tp < 0 .001 . Abbreviations as in Table 2 .
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'p < 0
.01
group I
versus group 2
. tp
< 0.001 group
I ±onus
group 3
.
4p < 0.01 grow 2 venue group 3. Data preseMW we mean ±811005 2 SD.
A - peak now relocky
at
usial contraction ; DEC T = Deuknlioo time of
early diattole ; E = peak flow velocity during early diastole; 0/A = peak
E/pakA ratio ; HR=heart ate; PWP-pulmonarycapiaary wedge pressure.
Hemodynamk variables and Doppler correlatbas . Corre-
lations between Doppler-derived mitral flow
velocity vari-
ables and pulmonary capillary wedge pressure are reported
in Table 3. There was a modest correlation between peak
early mitral flow velocity and pulmonary capillary wedge
pressure in all patients (r = 0.57) and in group 3 (r = 0.61) but
not in group I (r = -0.18) or 2 (r = 0.14)
.
Mitral flow velocity
at atrial contraction showed a weak inverse correlation with
pulmonary capillary wedge pressure in all patients (r =
-0 .42) and in group I (r = -0,54) but rat in
group
2 (r =
0.09) or 3 (r = 0.23) .A modest positive correlation (r = 0.65)
was also found between E/A ratio and pulmonary capillary
wedge pressure in all patients (Fig. 1), in group I (r = 0.55,
Fig,
2)
and in group 3 (r = 0.53, Fig . 4) but to in group 2 (r =
0.08, Fig . 3). An E/A ratio z2 (group I) was always
associated, except in one patient, with pulmonary capillary
wedge pressure 220 mm Hg, and the majority
of group 3
patients (50 [86%) of 58) had pulmonary capillary wedge
pressure <20 mm Hg. However, it is important to note that
as many as 23 (40%) of the 58 group 2 patients also had
pulmonary capillary wedge pressure 420 mm Hg . Thus,
although the specificity of E/A 22 in predicting z20 mm Hg
in pulmonary capillary wedge pressure was very high (69%),
its sensitivity was low (43%) (Fig . 1) .
Conversely, a very close negative correlation (r = -90)
was observed between deceleration time of early diastole
and pulmonary capillary wedge pressure in the total popu-
lation and in all three groups, with the highest correlation
Table & Correlation Between Mitral Doppler Variables and
Pulmonary Capillary Wedge Pressure
Total
(o = 140)
Group I
(FJA 4.
n = 24)
Group 2
(FJA at and <2.
n = 581
Group 3
(E/A < I,
n = 58)
E 0.57' -0
.18
0.14 0.61-
A
-0
.42' -0.54' 0
.09
0.23
FJA 0.65' 0.55' 0.08
0
.53'
DEC T -0 .901 -0.771 -0 .959 -0.824
Table 1 . Clinical Characteristics and Echocardiographic Data Table 2, Hemodynamic Variables and Doppler Data
Group)
(E/A z7,
o = 24)
Group 2
rEJA -1 and <2,
n = 58)
Group 3
(FJA <I,
n
o
58)
Group 1
(FJA z2,
n=24)
Group 2
(EIA al and <2,
n=58)
Group 3
(F/A <l,
n-58)
EDV (aa/m=) 137 ± 42 128 ± 36' 99 2 3114 HR (balu/nual 79 ± 15 73 ± 14 76t 11
EF(%) 23±5 27±7' 29271 PWP(non Hg) 27x7 17 7- 12±6(2
NYHAscore 2.7!0 .8 2.3±0.6' 2±0.71 E (cm/5) 93 ± 12 so ± 15' 54 ± 17(4
Mural regurplat on A (cm/9) 33 ± 10 62 ± 12' 79 ± Bit
Mid I I 20 Is VA 3±0.8 1 .3±0.2' 0.6±0.1t4
Moderate 12 21 22 DEC Tfms) 67±20 (27±31' 163±43tt
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FIgOrc 1. Top, Scauerplot of correlation between the ratio of mitral
peak flow velocity in early diastole to peak low velocity in late
diastole (FJA) and pulmonary capillary wedge pressure tPWP)
.
HarpsaW dashed hats at I and 2 represent arbitrary values o` the
FJA ratio used for grouping the study patients . Vertical dasicc line
marks the level of 20 mm Hg above which pulmonary c .yillary
wedge pressure is commonly considered to be markedly increased .
Boar, Correlation between Doppler mitral deceleration tine of
early filling (Dec1) and pulmonary capillary wedge pressure
. Horl-
wagl finked,ae marks the value of 120 ms in early deceleration
time that was found to be the best cutoff point in predicting the Level
of 20 mm Hg in pulmonary capillary wedge pressure . n = 1;0
postinfarction patients with w35% ejection fraction (rate) study
group) .
coefficient (r = -0.95) in group 2 (Table 3, Fig. I to 4) .
Despite the differences in correlations, stepwise regression
analysis carried out in all patients revealed that all Doppler
variables were independent predictors of pulmonary capil-
lary wedge pressure, with deceleration time the most pow-
erful and peak flow velocity at atria) contraction the weakest
(Table 4). However, when all Doppler indexes were consid-
ered in the final equation, the multiple correlation was r
-
0.93, which represents a small improvement compared with
the correlation (r - -0.90) obtained between deceleration
time alone and pulmonary capillary wedge pressure . Fur-
thermore, when the study patients were assigned to groups
according to the values of pulmonary capillary wedge pres-
sure (s12 mm Hg, 46 patients ; between 13 and 19 mm Hg,
40 patients
; >_20 mm Hg, 54 patients), stepwise discriminant
analysis demonstrated deceleration time to be the only
GIANNUZZI ET AL.
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40
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35 40 45
PWP(eenag)
Figure 2
. Top, Ca-relation between peak FJA wave velocity ratio
(E/A) and pulmonary capillary wedge pressure (PWP)
. Bottom,
Correlation between mitral early deceleration time (Deal) and
pulmonary capillary wedge pressure . Vertical dashed line represents
the level of 20 mm Hg in pulmonary capillary wedge pressure. n =
24 postinfarction patients with FJA ratio a2 (group 1)
.
predictor of different levels of pulmonary capillary wedge
pressure, with a total of 123 patients (88%) correctly as-
signed to study groups . The value of 120 ms in deceleration
time was the best cutoff point in predicting 20 mm Hg .
Sensitivity and specificity of <--120 ms in deceleration time in
predicting 020 trim Hg in pulmonary capillary wedge pres-
sure were 100% and 99%, respectively . In addition, the value
of 153 ms in deceleration time was the best cutoff point in
predicting 12 mm Hg in pulmonary capillary wedge pressure
(usually considered to be the upper normal limit), with 99%
sensitivity and 93% specificity (Fig
. I).
Discussion
Mitral flow velocity recordings in assessment of diastolic
function and left ventricular filling pressure. During the past
decade, numerous studies have related Doppler mitral flow
velocity patterns to left ventricular and pulmonary capillary
wedge pressure recordings, and a number of transmittal
filling abnormalities referable to hemodynamic phenomena
have been identified (6-9 .11-18,20-23` . Despite the zom-
p'-xity of diastolic function and the multiplicity of factors
1634
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FJA
2.0 •
1
.6
1 .6
1
.4
1 .2
r s 0.00
N5
0.65
10 15 20 25 30 35 40
PWP1m'Hu)
° sere 3
. S.ntterplots of pulmonary capillary wedge pressure
PWP) versus peak FJA wave velocity ratio (FJA) (top) and versus
tccelerstioa time (DecT) of early filling (%A am) in the 58 patients
#ith FJA ratio Zl and <2 (group 2).
influencing left ventricular filling (6-8,20-26), exp , ' Rental
and clinical studies have clearly demonstrated that tue major
determinant of mitral flow velocity is the transmittal pres-
sure gradient (6,7.!4,15,20-23,27)
. In the clinical setting,
two diastolic properties (the rate of left ventricular relax-
ation and compliance) seem to be particularly important
determinants of transmittal pressure gradient (2,3,23-26). In
fact, two distinct abnormal flow velocity profiles have been
identified with specific types of left ventricular diastolic
dysfunction and a different filling pressure (6,7) .
The pattern
of reduced early rapid filling wave, increased or normal atrial
wave (decreased E/A ratio, usually <I), prolonged isovolu-
mic relaxation time and deceleration time of early filling is
attributed to impaired or delayed left ventricular relaxation,
reflecting a slower rate of decline in the left ventricular
pressure, and is usually associated with normal or nearly
normal left atrial pressure (3,6-8,17,23,26), This pattern is
frequently observed in patients with ventricular hypertrophy
(5,10), systemic hypertension (4), coronary artery disease
(8,14) and in elderly subjects (3) and patients with dilated
cardiomyopathy and chronic heart failure who do not have
severely elevated pulmonary capillary wedge pressure
(6,9,17). Group 3 patients in our study (41
.5%) showed the
pattern of delayed relaxation (E/A <I) . In agreement with
3ACC Vat . 23, No. 7
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Flgnee 4. Scatterplata of pulmonary capillary wedge Pressure
(PWP) versus peak FJA wave velocity ratio (PJA) (Mp) and versus
deceleration time (DecT) of early fang Moon) in the 58 patients
with FJA ratio <I
(group 3).
previous observations (6,9),
on
average, these patients also
had normal or nearly normal pulmonary wedge pressure and
the lowest functional class scare .
The second Doppler filling pattern, termed restrictive, is
characterized by a Amt or normal isovolumic relaxation
time, an increased rapid filling wave, a reduced deceleration
time of early filling and a decreased velocity at atrial con-
traction (increased 17JA ratio, usually 4) (3,6,7)
.
This
pattern is believed to be caused by markedly increased left
ventricular stiffness resulting from myocardial or pericardial
factors and is usually seen in patients with more advanced
heart disease and increased left atrial pressure (6-9,17) . As
Tank 4. Results of Stepwise Regression Analysis of Doppler
Indexes Versus Pulmonary Capillary Wedge Pressure in
140 Study Patients
Slap Multiple R No. Of vuisbks
No. value F Value to Enter Indoded
L DEC T 0 .90, 607.3 1
2. FJA 0.91' 12 .64 2
3. A 0.92" 9.72
3
4. E 0.93• 26.9
4
Fhulequaliaw PWP=32
.16+ (-0,1045E)+(0
.1345A) +(-0.17 SECT)
+ (4
.95E'A)
. •p
< 0.001
. Abtrtv®lioos as is Table 2.
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expected, group I patients in our study, who showed a
predominant filling in early diastole (E/A w2 and short
deceleration time), also had a markedly elevated pulmonary
capillary wedge pressure with the highest functional class
score.
Besides these two well defined patterns of left ventricular
filling, a third abnormal mitral flow velocity profile was
described and termed pseudunormal to indicate that al-
though the ratio of mitral E and A velocities appears normal,
abnormalities of left ventricular diastolic properties are
present (6).
In fact, because abnormal relaxation and in-
creased chamber stiffness have opposing effects on left
ventricular filling (6-8,15,20,21,23,25), when both abnormal-
ities are present at the same time, an elevated left aerial
pressure, front increased chamber stiffness, aormalizes the
early diastolic transmittal pressure gradient and velocity
despite the impaired left ventricular relaxation (2,3,6) . As a
consequence, the transmitral pattern of delayed relaxation
appears to be normal (E/A >1) ; actually it is "pseudoror
mal
." However, because in many patients, especially those
with severely depressed systolic function, diastolic dysfuac-
tion may involve both relaxation and chamber stiffness (1),
and in view of the dynamic nature cf left ventricular filling
patterns
(3,6), the ability of the Doppler flow velocity profile
to predict diastolic abnormalities and left ventricular filling
pressure may be significantly reduced
(2,3,6,26)
.
This limi-
tation is particularly relevant in more symptomatic patients
with systolic dysfunction for whom a noninvasive method of
estimating left ventricular filling pressure would be of great
clinical importance. A large number of our study patients
(41 .5%) showed the filling pattern characterized by
an E/A
ratio >1 and s2 (group 2), which may really be normal or
pseudorrormal. Although, on average, group 2 patients had a
mildly increased pulmonary capillary wedge pressure, as
many as 24 (40%) of then. also had a pulmonary capillary
wedge pressure !,-20 nun Hg. This finding underlines the fact
that in patients with systolic dysfunction, an apparently
normal filling pattern is frequently associated with elevated
pulmonary capillary wedge pressure that is in no way
predictable fines the rni trl flow velocity profile as expressed
by the FJA ratio.
Relation between mitral flow skity recordings and putt
morq
eaptBary wedge pressure. Analyzing the Doppler
transmittal flow velocity profile and pulmonary capillary
wedge pressure recorded simultaneously in patients with
severe left ventricular systolic dysfunction, we demon-
strated that the deceleration time of early filling was the most
powerful predictor of pulmonary capillary wedge pressure .
Although all mitral Doppler variables were independent
predictors of pulmonary capillary wedge pressure, peak flow
velocities (both E and A wave) and their ratio were only
modestly correlated with pulmonary capillary wedge pres-
sure . In contrast, a very close negative correlation (r =
-0.90) was found between deceleration time and pulmonary
capillary wedge pressure. Because this relation appears
linear between 8 and 35 to 40 mm Hg (Fig. 1), deceleration
1635
time may be used to estimate the absolute pulmonary
capillary wedge pressure between these values ; <8 mm Hg it
appears to be less accurate, but this is not clinically relevant .
Although the correlation between E/A ratio and pulmonary
capillary wedge pressure vas weaker (r = 0 .65), the mitral
flow velocity pattern (as defined by the FJA ratio) was able to
identify, in agreement with previous observations (6,7,9),
patients with different degrees of left ventricular dysfunction
and clinical status.
The pattern of predominant filling in early diastole (group
1) was associated vith a more pronounced hemodynamic
and clinical deterioration (with one exception, all group I
patients had a pulmonary capillary wedge pressure
?20 mm Hg). The pattern of predominant filling in late
diastole (group 3) was associated with normal or nearly
normal pulmonary capillary wedge pressure and lower func-
tional class score (only eight group 3 patients had pulmonary
wedge pressure w20 mm Hg) . The pattern of WA ratio
between I and 2 (group 2) was associated with an interme-
diate hemodynamic impairment. However, despite these
associations and the positive FJA ratio-pulmonary capillary
wedge pressure correlation, the ability of the mitral filling
pattern as expressed by the B/A ratio to predict the value of
pulmonary capillary wedge pressure in the individual patient
was weak. In fact, although the specificity of B/A >2 to
predict pulmonary capillary wedge pressure w20 mm Hg was
high (99%), its sensitivity was low (43%) . It is important to
note that because 40% of patients with an apparently normal
filling pattern (group 2) also had elevated pulmonary capil-
lary wedge pressure (m20 mm Hg), the EIA ratio-pulmonary
capillary wedge pressure correlation was completely absent
in this group
. Thus, although the WA ratio has been used to
estimate left ventricular filling pressure (6,8,11,13,14,16-
18,26), its value is limited. Patient age (3), heart rate (13,17)
and load (18,20,21) dependency of left ventricular filling, the
contrasting effects of abnormal relaxation and increased
chamber stiffness (6-8) and similarities between normal and
pseudonormal filling patterns (3,6) probably explain the
modest correlation between the E/A ratio mud pulmonary
capillary wedge pressure .
Conversely, deceleration time of early filling was the best
predictor of pulmonary capillary wedge pressure irrespec-
tiv'- of lulling pattern . Although patients with predominant
filling in early diastole (group 1) had a shorter deceleration
time than group 2 or 3 patients, the present study demon-
strates that the estimate of left ventricular filling pressure is
more accurate if deceleration time of early diastole in
addition to E/A ratio is taken into account, In all patients and
in groups I to 3, deceleration time and pulmonary capillary
wedge pressure were closely related . The highest correlation
coefficient (r = -0.95) was found in patients with an appar-
ently normal E/A ratio (group 2), where the FJA ratio-
pulmonary capillary wedge pressure correlation was lacking .
The value of 153 ms in deceleration time was identified as the
best cutoff point in predicting the level of 12 mm Hg in
pulmonary capillary wedge pressure sensitivity and speci-
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ficity of sl53 ms in deceleration time in predicting
alt mm Hg in pulmonary capillary wedge pressure were
99% and 93%, respectively . In addition, the value of 120 ms
in deceleration time was the best cutoff point in predicting
20
mm Hg in pulmonary capillzry wedge pressure. All
patients with e20 mm Hg (23 in group 1, 23 in group 2, S in
group 3) also had a deceleration time 5120 ms ; all but one
patient with <20 mm Hg also had a deceleration time
>120 ms. Thus, sensitivity and specificity of 5120 ms in
deceleration time in predicting a20 mm Hg in pulmonary
capillary wedge pressure were 100% and 99%, respectively .
Although other recent studies have reported a significant
correlation between deceleration time and left ventricular
filling pressure (6,8,17,18,22), the results ofthe present study
in a large number of patients with poor left ventricular
systolic function clearly point to the clinical value of this
Doppler index in the noninvasive assessment of filling pres-
sure. Deceleration time was particularly useful in patients
with an apparently normal filling poem, which is often
associated with elevated filling pressure. In this subset of
patients, early deceleration time seems to provide an impor-
tant means of differentiating a real normal from a pseudo-
normal or masked abnormal filling pattern caused by in •
creased left ventricular filling pressure . Deceleration time of
early diastole, reflecting the rate ofequalization of left atrial
and left ventricular pressure, is independent of velocity and
heart rate (6,17). This probably explains why it provides a
more accurate estimate of pulmonary capillary wedge pres-
sure irrespective of peak flow velocities and filling pattern
As filling pressure increases, the nondistensible ventricle
may induce a more rapid increase in diastolic pressure with
a faster equilibration of left atrial and left ventricular pres-
sure, resulting in premature cessation of mitral flow and
short deceleration time of early filling .
Study limitation. The major limitation of the present
study could be that few variables were used to investigate
the correlation between filling pattern and pulmonary capil-
lary wedge pressure . For example, we did not measure the
isovolumic relaxation time, which is probably the most
sensitive of the Doppler indexes in detecting impaired relax-
ation (28), nor did we consider the duration of flow during
atria] contraction, even though an abbreviated mitral A wave
has been observed in patients with an elevated left ventric .
ular filling pressure (29,30) . Finally, we did not analyze the
pulmonary venous flow velocity pattern, which, as sug .
gested in a recent report (30), correlates with left ventricular
diastolic pressure and may be
more accurate than mitral
Doppler in detecting abnormal hemodynamic variables .
However, all of these measurements cannot be obtained
simultaneously. To record the fall duration of the atrial
contribution it would have been necessary to use a different
sample volume position, one more lateral than the "between
the tips" location commonly used for recording early mitral
flow velocity (30). Therefore, because the aim of this study
was to investigate whether Doppler echocardiography would
provide a simple and accurate method of estimating pulmo-
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nary capillary wedge pressure, we analyzed only the mitral
flow velocity profile (obtained with the sample volume
placed between the leaflets at the point where the highest
early flow velocity is recorded), which is more standardized,
easy to obtain in all patients and extensively used in the
noninvasive assessment of left ventricular filling abnormali-
ties. The simultaneous recording of pulmonary capillary
wedge pressure and mitral Doppler flow velocity strongly
supports our results. However, it should be noted that
because deceleration time appears to be such a useful
variable, the sample volume position is critical Different
locations (too medial, too far into the left ventricle or at the
annulus) influencing the flow velocity curve could give
different results .
Furthermore, most of our stud) patients had mild or
moderate mitral regurgitation . Patients with severe mitral
regurgitation were excluded on the bypo;hesis that this
would affect correlation between mitral flow velocity and
pulmomry capillary wedge pressure . Although it has been
reported that mitral regurgitation can result in an increase in
mitral flow velocity (6,25), no correlation has been found
between the severity of mitral regurgitation and the ampli-
tude of either the pulmonary wedge v wave or peak early
mitral flow velocity, except in patients with severe acute
mitral regurgitation (6) . Therefore, even in the presence of
mitral regurgitation, deceleration time , of early diastole,
which is independent of velocity, probably reflects kit
ventricular
(ding pressure
.
Coal
Yrglludar, Mitral Doppler echocardiography
provides a simple and
noninvasive method
ofestimating and
monitoring pulmonary capillary wedge pressure in patients
with severe left
ventricular
systolic dysfunction . Although
predominant flow velocity in early diastole (restrictive filling
pattern) is usually associated with elevated pulmonary cap-
illary wedge pressure and predominant flow in Late diastole
(pattern of abnormal relaxation) with normal or nearly
normal pulmonary capillary wedge pressure . the decelera-
tion time of early baling provides a more precise estimate of
left ventricular filling pressure. This finding is particularly
important in patients with a normal or apparently normal
filling pattern
. In this context, early deceleration time ap-
pears to
be
extremely useful in differentiating a real normal
from a psewknormal filling pattern associated with in-
cressed left ventricular filling pressure .
We are gratsNl to tiv HW.-, MD . for rdtieal mv'ww tithe mae,aao l.
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